In this paper, the mouse pup-in-a-cup model was improved for younger mouse pups, and the effect of artificial rearing on gut microbiota development was evaluated. Intragastric cannulas were placed through the esophagus into 3-day-old C57BL/6J mice (n=48), and the mice were artificially reared (AR) with mouse milk substitute (MMS). Littermate pups (n=20) were maternally reared (MR) as controls. The feces of 3-day-old pups were analyzed by combining the PCR-denaturing gradient gel electrophoresis (DGGE) fingerprinting technique and sequencing of 16s rRNA gene fragments. After 11 days of artificial rearing, 37 of 48 pups were still alive. There were no significant changes in the number of DGGE bands or the Shannon index between the two groups. However, several bands in the AR group were obviously different from those in the MR group in the DGGE profile. These results demonstrate that it is possible to implant intragastric cannulas into 3-day-old C57BL/6J mice pups. However, the variation in the gut microbiota composition is non-negligible, even though the AR pups grow well.
Introduction
Artificial rearing of newborn animals is a precondition of neonate nutritional manipulation [12] . The rat pupin-a-cup model has been well established for artificial rearing [8] and extensively used to determine the role of nutrients in developmental processes, such as the maturation of the brain and the gastrointestinal tract as well as neonate nutrition-programmed adult metabolic disorder [4, 13, 20] . The mouse is the primary laboratory animal used in genetic engineering research, so developing a mouse pup-in-a-cup model would benefit study of the interaction between genes and suckling nutrition [1, 22] . Although several studies have reported the methods for implanting an intragastric cannula and preparing mouse milk substitute (MMS), it is difficult to place an oral/percutaneous feeding tube in younger mouse pups due to the narrow and vulnerable esophagus of the newborn mouse and the absence of a subtle and tiny commercially available cannula [1, 22] .
The gut microbiota has been reported to serve numerous important functions for the host, such as protecting the host against pathogens, nutrient processing, and stimulation of immune function [7] . The early gut microbiota has also been reported to affect the early development of immune function and allergic disease [3, 9] . The early gut microbiota is more variable in its composition and less stable than that of the adult [24] . The pup's feeding pattern is reported to be one of the most important factors affecting infant gut microbiota colonization [14, 15] . Artificial rearing can increase counts of C. difficile and E. coli and decrease counts of Bifidobacterium spp. in the gut microbiota of formula-fed infants, as compared with breast-fed infants [14] . Fecal bacteria of AR rats have also been examined by Yajima [23] . However, there is still a lack of data on gut microflora of AR mice because of the lack of cannula skill for mouse AR. Thus, we hypothesized that even intragastric cannulas can be successfully placed into young mice pups; the gut microbiota colonization of AR pups may be remarkably different from that of MR pups, which would be an impact factor on host physiological functions and experimental results.
The purpose of this study was to develop a mouse pup-in-a-cup model and determine whether the microbiota of AR pups differ from those of MR pups.
Materials and Methods

Experimental design
All of the following experiments were approved and supervised by the Ethics Committee of the Third Military Medical University. C57BL/6J timed pregnant mice were provided by the Laboratory Animal Center of the Third Military Medical University (Chongqing, China). All pups used for study of microbiota variation were selected from five female mice coming from the same parents. The five female mice were reared in the same cage. Details concerning the grouping of AR (n=13) and MR (n=11) mice used for study of microbiota are listed in Table 1 . The mice were fed in a specific-pathogen-free (SPF) environment (23-25°C, humidity 50-60%) with autoclaved aspen bedding, free access to water and autoclaved diet, and a 12-h light/dark cycle. Three-day-old pups were divided into an artificially reared (AR; n=48) group and a maternally reared (MR; n=20) group. Pups used for study of microbiota variation were included in the total AR and MR group numbers. Intragastric cannulas were placed in anesthetized AR pups. MR pups were anesthetized, and the same surgeries were carried out without intragastric cannulas. The MR mice were handled in the same fashion as the AR mice for surgeries, sample collection, and manual defecation. Fecal specimens were taken from 14-day-old mouse pups by provoked defecation (the mouse was handled and slightly pushed in the lower abdomen using a moist cotton swab) and immediately stored at −80°C until DNA extraction.
Implanting an intragastric cannula and artificial rearing
The method of implanting an intragastric cannula was adapted from the procedure described by Hall [8] . The intragastric cannula was made from a PE-0402 tube and a polyethylene disk. A flange (0.5-0.6 mm in diameter) was heat-formed at one end of a 35-mm length of PE-0402 tube (0.25 mm, ID; 0.38 mm, OD; AniLab, Ningbo, China), and a polyethylene disk (3.5 mm, diameter; 0.02 mm, thickness) was pricked with a steel wire (0.25 mm, diameter; 63 mm, length) so that it could be passed from the other end to the flange.
Each pup was anesthetized with isoflurane inhalational anesthetic. A 60-mm length of lubricated silicone tube (0.3 mm, ID; 0.61 mm, OD; Sani-Tech, Charny, France) was gently placed into the stomach of a pup as a catheter. A stainless steel guide wire (0.25 mm, diameter; 63 mm, length) was passed through the catheter and pierced the gastric and abdominal wall approximately 2 mm below the lowest rib in the left flank. After removing the catheter, a cannula was connected to the guide wire. The guide wire was gently pulled into the stomach to keep the cannula disk on the stomach wall. A polyethylene disk (5 mm, diameter; 0.5 mm, thick) and a 6-mm length of silicone tube (0.3 mm, ID; 0.61 mm, OD; Sani- Tech) were pierced by the guide wire to allow passage of the cannula. Then, the guide wire was removed, and the cannula was secured by the disk and tube. A converter tube was made from a piece of PE-0503 tubing (0.25 mm, ID; 0.5 mm, OD; AniLab) with a heatformed flange (1-1.5 mm, OD), and the inner wall was enlarged with a steel wire (0.4 mm, diameter). The enlarged end of the converter tube was connected to the cannula. The other end of the converter was passed through a silastic cube (2 mm, length; 2 mm, width; 2 mm, height), a fold of skin at the left neck and back, and then back through the silastic cube. The entire procedure took only about 3 min and was relatively nontraumatic, requiring no sutures or incisions. The AR pups were kept in a plastic box in 35°C water bath.
To feed the AR pups, the converter tube was connected to a PE1104 polyethylene tube that was connected to a 5-ml syringe that was filled with milk. The MMS was prepared according to a formula previously published by Yajima et al. [22] . The syringe containing MMS was mounted on a timer-controlled BT-600E peristaltic pump (Jieheng Peristaltic Pumps, Chongqing, China) that was kept in a refrigerator to prevent the MMS from deteriorating. Pups were fed for 1 min every 30 min. The volume of feedings was adjusted each day depending on the weight of the pups. A total volume of 15-20% of weight was administered per day.
DGGE profiling
An aliquot (20 mg) of each fecal sample was added into a 2 ml screw-cap tube (Axygen, Union City, CA, USA). Then 0.1 g zirconia beads (0.1 mm diameter, BioSpec, Bartleville, OK, USA), 250 µl lysis buffer (500 mM NaCl, 50 mM Tris-HCl pH 8.0, 50 mM EDTA, and 4% sodium dodecyl sulfate), and 100 µl phenol/chloroform/isoamyl alcohol, 25:24:1 (v/v) were added to the tube, the sample was homogenized by a Mini-Beadbeater-16 (BioSpec) for 2 min at maximum speed, and DNA was purified with phenol-chloroform extraction [24] . The DNA concentration was measured by a NanoDrop ND-1000 Spectrophotometer (NanoDrop, Erlangen, Germany) at 260 nm and 280 nm.
A bacteria-specific PCR was performed in a 25 µl (total volume) mixture containing 20 ng of DNA, 200 µM (each) deoxynucleoside triphosphates, 2.5 U Ex-Taq DNA polymerase (Takara, Dalian, China), 1 × reaction buffer (Mg 2+ free), 2 mM MgCl 2 , and 0.4 µM of each primer (F341-GC and R518) [11] . Amplification was performed as follows: 95°C for 5 min; followed by 30 cycles of 95°C for 30 s, 56°C for 30 s and 72°C for 1 min; and a final elongation at 72°C for 10 min. DGGE was performed with the Bio-Rad DCode system and 16-cm by 16-cm (1 mm, deep) polyacrylamide gels, and the samples were run with 1 × TAE buffer (40 mM Tris, 20 mM acetic acid, and 1 mM EDTA) and subjected to DGGE analysis. Denaturing of polyacrylamide gels was performed with 8% (wt vol) polyacrylamide (acrylamidebisacrylamide, 37.5:1, Sigma, St. Louis, MO, USA) and a 35 to 65% denaturant gradient (100% denaturant comprised both 7 M urea and 40% deionized formamide). The electrophoresis was initiated by pre-running for 10 min at 220 V and was subsequently run for 16 h at 85 V (60°C). The gel was stained with AgNO 3 and photographed.
Identification of the phylogeny of the DGGE bands
To determine the identity of the bands in the DGGE profile, the target band was excised and eluted in 50 µl sterile distilled water at 4°C for 12 h. A total of 5 µl eluate was used as an amplification template with primers F341-GC and R518. PCR products were DGGE analyzed to verify the position relative to the original band. Samples migrating to the same position as the original band were amplified (primer F341 and R518) and sequenced (Invitrogen, Shanghai, China). To determine the closest relatives of the partial 16S rDNA sequences, the GenBank DNA database was searched using the BLAST algorithm.
Data analysis
The DGGE photos were analyzed with Quantity One (version 4.6.2). Bands occupying the same position in the different lanes of the gels were identified. A matrix was constructed for the lanes, taking into account the presence or absence of individual bands and the relative contribution of each band to the total intensity of the lane. This matrix was applied to calculate biodiversity indices, such as the number of bands and Shannon index [6] . Comparison was carried out using the Dice similarity coefficient with a position tolerance setting of 1% optimization and a 1% position tolerance for band ingredient. The unweighted pair-group method with arithmetic means (UPGMA) was used, and dendrogram schemas based on the similarity of the DGGE profiles were constructed. Principal component analysis (PCA) of the DGGE profile was performed using MATLAB (version 7.0) based on the matrix. Data were evaluated with a t-test using SPSS (version 13.0). All data were reported as means ± SD, and P<0.05 was considered statistically significant.
Results
Implanting an intragastric cannula and artificial rearing
An intragastric cannula was precisely placed into 3-day-old mice in our experiment. A 3-day-old mouse pup bearing an intragastric cannula is shown in Fig. 1 . In this study, three AR pups died within 24 h of surgery. During artificial rearing, five pups removed the cannula before the end of the study period, and another three pups died during the study period. All pups that died before 14 days (d) of age were excluded from the final data analysis. Thirty-seven (77.08%) pups survived after 11 d of artificial rearing. All MR pups survived during the study period.
The weights of the AR and MR mouse pups were not significantly different at almost every day studied. The AR pups weighed less than the MR pups at 8 d of age (4.56 ± 0.15 g vs. 4 .67 ± 0.11 g; P<0.05) and more than their MR counterparts at 13 d of age (7.00 ± 0.25 g vs. 6 .93 ± 0.18 g, P<0.05) and 14 d of age (7.68 ± 0.29 g vs. 7.10 ± 0.24 g, P<0.01). Pup weight is presented as a growth curve in Fig. 2 .
Cluster analysis and PCA based on DGGE profiles from AR and MR pups
In this study, all pups used for study of microbiota variation were selected from five female mice coming from the same parents. Three pups died during artificially rearing, and details concerning grouping for AR and MR pups are showed in Table 1 . The baseline microbiota profiles from the 3-d-old pups were analyzed by PCR-DGGE before the experiment. The similarity indexes between pups were 90-99%. Changes in the relative abundance of individual members of the total bacterial community in the feces of 13-d-old C57BL/6J mice were specifically assessed by DGGE analysis for PCR amplification of the 16S rRNA genes. Figure 3 shows the DGGE profile of PCR amplification from 10 mice selected randomly from the AR group and 11 mice selected from the MR group at 13 d of age. In comparison with the MR group, the number of DGGE bands (11.3 ± 0.95 vs. 11 ± 0, AR vs. MR, P=0.34) and Shannon index (2.01 ± 0.08 vs. 2.02 ± 0.03, AR vs. MR, P=0.67) were not significantly changed in the AR group. However, the density of bands 1 and 2 in the AR group was obviously different from that of the MR group in the DGGE profile. The sequences of excised bands 1 and 2 are available in GenBank under accession numbers HM480832 and HM480833, respectively (Table 2) .
Cluster analysis (Fig. 4 ) of the DGGE profiles revealed an overall similarity index of 69% (the similarity index is marked on the scale bar). Clusters were affected by rearing feeding patterns; there seemed to be two clusters, and AR 1, AR 2, and AR 5 belonged to the first cluster. AR 3, AR 4, AR 7, AR 8, and AR 9 seemed to belong to the second cluster together with 11 MR pups but were close to the first cluster. Only AR 6 and AR 10 migrated into the MR cluster. A 3D-PCA plot based on the DGGE data is shown in Fig. 5 . A clear separation between the (Fig. 6 ).
Discussion
In this study, our aim was to develop a mouse pup-ina-cup model for artificial rearing. Artificial rearing of pups is a precondition of nutrition and development study [12] , and establishing a mouse pup-in-a-cup model seems possible [1] . However, it has still been difficult to develop a mouse pup-in-a-cup model using newborn mouse pups [22] . Fig. 3 . There seems to be two clusters, and AR 1, AR 2, and AR 5 belong to the first cluster. AR 3, AR 4, AR 7, AR 8, and AR 9 seem to belong to the second cluster together with 11 MR pups but are close to the first cluster. Only AR 6 and AR 10 migrate into MR cluster. UPGMA: unweighted pair group method with arithmetic averages clustering algorithm.
The difficulty in developing a mouse pup-in-a-cup model is implanting an intragastric cannula [1, 22] , which is the first step in artificial rearing. An oral/percutaneous method is minimally invasive and widely used in rat models [8] . However, because of the narrow and vulnerable esophagus of the newborn mouse and the absence of subtle and tiny commercially available cannula, oral/percutaneous feeding tube implantation cannot be used on mouse pups younger than one week of age [22] . In our study, the cannula made from PE0402 could be safely pushed through the esophagus when the heat-formed flange was smaller than 0.65 mm. Similar to cannula implantation in rat pups [8] , we find that trauma in the esophagus and blood loss is mortal for mouse pups when a bigger cannula or flange is used. Moreover, the gastric and peritoneal walls are thin and vulnerable in newborn mouse pups, which leads to cannula dislodgement and milk leakage. Even when no abnormality is observed in surgery, high mortality occurred in the first three days. In this study, the feeding tube implantation method was optimized, and PE0402 feeding tubes were successfully implanted into 3-d-old C57BL/6J mouse pups.
Another problem we were concerned about is whether the microbiota development of pups would be affected by the artificial rearing condition. The similarity indexes between 3-d-old pups were 90-99%, which indicate that there was little difference between pups used in this study. After 11 d of rearing, although most AR bands in the DGGE profile were similar to those in the MR group, several bands were apparently different from those in the MR pups. In comparison with the MR group, the number of DGGE bands (11.3 ± 0.95 vs. 11 ± 0, AR vs. MR, P=0.34) and the Shannon index (2.01 ± 0.08 vs. 2.02 ± 0.03, AR vs. MR, P=0.67) were not significantly changed in the AR group. These data indicate that artificial rearing has little contribution to gut microbial species richness. Although isolated from their mothers, the microbial species of AR pups inherited from their mothers are stable.
In the dendrogram based on 16S rRNA gene PCR-DGGE profiles of fecal samples collected from 13-d-old AR and MR pups (Fig. 4) , the similarity index between AR and MR pups is 69%, clusters are affected by rearing feeding patterns, and there seems to be two clusters, with AR 1, AR 2, and AR 5 belonging to the first cluster. AR 3, AR 4, AR 7, AR 8, and AR 9 seem to belong to the second cluster together with 11 MR pups but are close to the first cluster. Only AR 6 and AR10 migrated into the MR cluster. These data indicate that the microbiota compositions are affected by rearing feeding patterns. In line with this conclusion, the banding patterns of the DGGE profile is grouped by feeding patterns, which is clearly shown by the PCA (Fig. 5) of the DGGE profile. According to the PCA ordination plot, most samples from the AR group are clearly separated from the MR group (except AR6 and AR10). AR 6 and AR10 migrated into the MR group in both the dendrogram and PCA ordination plot; we speculate that the pups tended to be colonized by the correct microbiota even though they were artificially fed. The dendrogram and PCA ordination plot results indicate that artificial rearing affects the microbiota constitution during the suckling period. Y values (the second component) but not X and Z values for the different pups based on the PCA plot (shown in Fig. 6 ), are significantly different between the AR and MR groups, which means that the second component divides the two groups in the PCA ordination plot. The density difference of bands 1 (HM480832) and 2 (HM480833) contributed to the separation of the dendrogram and PCA ordination plot between the AR and MR groups. Feeding pattern has been reported as one of the most important factors affecting infant gut microbiota colonization [14] . Artificial rearing can improve counts of C. difficile and E. coli and decrease counts of Bifidobacterium spp. in the gut microbiota of formulafed infants, as compared with breast-fed infants [15] . At 14 days of age, the dominant bacteria in the feces of the MR rat have been reported to be Enterobacteriaceae, Lactobacillus, and Enterococcus, but Enterobacteriaceae and Clostridium have been reported to be significantly more common in AR pups than in MR pups. Furthermore, the extent of systemic bacterial translocation decreased earlier in the Sham group (and MR group) than in the AR group [23] . In our study, Enterococcus sp. (band 2) and an uncultured bacterium clone (band 1) became predominant bands in several AR pups. One explanation for the differences in the DGGE profile between AR and MR pups may be that during artificial rearing, maternal isolation can lead to changes in affective and emotional behaviors, stress, and metabolic physiology [2, 5, [16] [17] [18] [19] . A host physiological abnormality would affect the gut microbiota configuration [10] . Another explanation may be that artificial rearing with formula milk lead to microbiota variation. Artificial rearing with formula milk has been reported to affect immune system development in mice and to even lead to bacterial translocation in rats, which is closely related to gut microbiotic composition [23] . However, whether the variation in gut microbiotic composition affects pup physiology remains uncertain in this model. It is important to determine the relationship between the gut microbiotic composition and pup physiology and to find a method for avoiding variation in gut microbiotic composition in AR in further study. In addition, we also wished to determine whether mouse pups could be artificially reared using MMS in this study. MMS is prepared to mimic mouse milk following a formula reported by Masako Yajima et al. [22] . MMS is reported to produce eight-day-old mice that are indistinguishable from MR pups; however, it is difficult to evaluate MMS in mouse pups younger than one week of age due to difficulty in implanting a feeding tube [22] . Yajima has reported that modified mouse milk can be fed to mouse pups from 0 day of age by artificial rearing with Hoshiba nipples, although the AR pups grow slower and shown changes in the sizes of the thymus and spleen and in the composition of CD4 + CD8 − or CD4 − CD8 + T cells in the spleen [21] . The results of our study demonstrated comparable growth between AR pups and MR pups. Although body weight was different in 8-, 13-and 14-d-old pups, AR pups grow almost the same as MR pups in most cases. However, we could not support pups younger than two days old with MMS for more than three days using either intragastric administration or oral tube feeding (data not shown). On one hand, it seems that implanting a gastric feeding tube would also be harmful to newborn mouse pups even though a minimally invasive operation was adopted. On the other hand, the chemically derived MMS seems not fit for pups younger than two days because of a lack of bioactive substances that exist in colostrum such as maternal antibodies and hormones [21] .
In summary, we developed a pup-in-a-cup model for inbred C57BL/6J mice. This model permits the nutritional manipulation of inbred and genetically engineered mice. Although the AR pups grow well, variation in the composition of the gut microbiota is non-negligible in the MMS-fed pup-in-a-cup model.
